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NA!rIoNAL A l J v I s m Y  COMMITrrn m AERomUT1cs 

LOGI-SPEED MVESTIGATION O F  AILERON AND SPOILER CHARACTKRISTICS 

OF A WING HAVING 42' SWEEPBACK OF THE L E A D I X  ECGE AM> 
CIRCULAR-ARC AIRFOIL SECTIONS AT RFYNOLCG NUMB- 

OF APPROXIMAEZY 6 .O x lo6 
By S t a n l e y  H. Spooner and Robert L. Woods 

A low-speed i n v e s t i s t i o n  has been  conducted in t h e  Langley 19-foot 

pressure  tunnel a t  Reynolds n-ers frm 5.3 x 10 t o  6.9 x 10 t o  deter- 
mine the  effectiveness of a conventional  aileron and of various epanwiee 
spoiler arrangements on a 42O sweptback wing. The wing had an aspect 
ra t io  of 3-94, a taper r a t i o  of 0.623, and thin, symmetrical, circular- 
arc   a i r foi l   sect ions.  The rolling-moment characteristics of the  aileron . 
and the spoilers,  together w i t h  the  aileron hinge-moment, normal-force, 
and balance-chamber pressure  characteristics were determined f o r  both 

control  devices. 

6 6 

. 
i the plain wing and the w i n g  equipped w i t h  various high-lif t  and s t a l l -  

The resul ts  of the investigation  indicate  that the effectiveness of 
the aileron C z 6  on the plain wing decreased s l i g h t l y  a t  high angles of 
attack. A t  low angles of attack,  the  effectiveness of  the aileron wa8 
approximately the mme regardless of the  flap  configuration. As the 
angle of attack was increased, however, deflection of inboard-located, 
half-span, s p l i t  flaps  resulted in a loss of alleron  effectivonens. 
The combination of lea--edge flaps and stall-control  fences almost 
entirely  offset  the  detrimental  effects which resulted when the   sp l i t  
f laps were deflected. For the  plain w i n g  configuration,  the aileron 
hinge-moment charader i s t ics  were such tha t  a conventional,  sealed, 
internalaer-c  balance of approximately 30 percent of the  afleron 
chord would be required  to completely  balance  the  aileron a t  low a n g l ~ s  
of attack. W i t h  this amount of balance, the  aileron probably would  be 
underbalanced a t  high angles of attack of the  plain wing and a t  all 
angles of. at tack of the  flapped  configurations. When s t a l l i ng  occurred 
on the  outboard  portions of  the wing, a8 it did without t he  stall- 

,control  devices, an inboard  spoiler  location was more effective  than  an 
outboard  location, and when inboard stalling  occurred  the  outboard 
spoiler  location proved more effective. The spoflers on the plain wing 
became ineffective in the maximum lift range. The maximum rol l ing 
effectiveness of the 10-percent-chord step  spoilers on the wing equipped 
with the high-lift and stall-control  devices was equivalent  to that 
Produced by a t o t a l  aileron deflection of approximately 35O. 

UNCLASSlFiED 
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INTROMJCTION 
Y 

The. contemplated w e  .of swept wings incorporating sharp-edged a i r -  
fo i l   s ec t ions  for h'igh-speed airplanes has resulted in a need f o r  
information concerning the  effectiveness.of  lateral-control device6 on 
wings  of this  type.  An 1nvestigati.on a t  low air speeds, therefore, hae 
been made in the Langleg 19-foot  preseure  tunnel t o  deteMnFne,the l a t e r a l  
characterist ics of a 42 sweptback wing  which  had  Bharp-edgsd, 
symmetrical, circular-+-c airfoil sections and was equipped  with ei ther  a 
conventional  aileron .or  various spandee amangements of step  spoilers. 

. .. 

The rolling-moment characterist ics of the aileron and the.spoilers 
together w'ith the aileron hinge-moment, normal-force, .and balance-clikinber 
pressure  cbracterist tcs w e r e  det-ermined for both the  plain w i n g  and the 
wing equipped with various  .high-llft and atgill-control  devices. These 
devices  included  extensible, round-nose, leading-edge  flaps, leading- 
edge drooped-nose fhp, trail ing-edge  spli t  flaps, and upper-surface 
f enceB. . .. . 

." . . . . . -. - 

The investigation was conducted at ReynoldEl numbers ranging between 

5 - 3 - X  and 6.9 X .  10 6 which corresponded t o  a Mach  number range I 

. .. 
or 0.11 t o  0.15: 

. -  

SYMBOLS 

I 
" 

The data a r e  referred tcr-Bet-of axes coinciding  with the wind 
axes and originat-ing  in  the plane of.  symmetry a t   t h e  quarter-chord . -. 

point of the mean aerodynainic chora. All.ving  coefficients are based 
upon the dlmensione of the  baaic wing. 

. 

cL 

cD- 

maximum l i f t  coeff lc ien t  
maX 

.. . . .. 
" 

drag coeff icielit (Drag/qS) 

cm pi tching-mqt   coeff ic ient   (Pi tching moment/qSC) 

Cn .yawing-moment . - oqefficient (Yawing mment/qSb) 

C 2  rolling-moment coefficient (Rolling moment/qSb) 
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%a 
aileron nomad-f orce  coefficient  (Afleron no& f orCe/qSa) 

'ha 

pR 

bs 

baEa2 

C 

'b 

Y 

aileron  hinge-moment  coefficient. 
(Aileron  hinge marnent about  hinge  line/qbaEa 

( (Lower-surface pressure - Upper-surface pressure) /q) 
aileron  balance-chaier resultant-pressure coefficient 

free-stream m c  pressure, p o m d ~ / a q w e  foot 

wing span  measured n o m 1  to- p h e  of spnetry, feet 

spoiler span measured  normal  to plane of symmetry, feet 

product  of  aileron  span,  measured along aileron hinge line, 
and square of root-mean-square chord, measured behind  and 
n o m  to b k g e  line, o .536 cubic  feet 

wing area, square feet . 

aileron area behind  hinge line, square feet 

wing mean aerodynamic  chdrd  measured parallel to plane of 

local WLng chord  measured parallel to plane of symmetry,  feet 

root-mean-square chord of hypothetical  aileron  balance  measured 
ahead  of  and normal to  aileron hinge line, feet 

spanwise coordinate,  measured normal to plane of symmetry,  feet 

a angle of attack, degrees 

8a gileron  deflection, meaewed in plane normal  to  hinge  line, 
degrees  (positive  when trailFng edge is  deflected  darnward) 

8 
atotal 

arithmetical sum of equal up  and  down  aileron  deflections  for 
an assumed  set of ailerons 

A sweepback  of  leading edge of wing, ctegrees 

5 



NACA RM NO. LgAo7 

r a t e  of  change  of rolling-gmnent  coefficient with aileron 
deflection  (aileron  effectivenees) . 

rate of change oi?hinge-moment coefficlent wlth aileron 
deflection 

rate of  change of hinge-moment coefficient with angle of 
attack 

rate of  change  of aileron-balance-cher  pressure  coefficient 
with aileron  deflection. . 

r a t e  of  change  of aileron-balance-chamber  pressure  coefficient 
xfth angle of attack 

r a t e   o f .  change of  hinge-moment coefficlent in a steady roll w i t h  
aileron  deflection 

MODEL 

The principal dimensions of the model a re  shown in  figure 1. Photo- 
graphs of the model  mounted in the Langleg 19-foot  pressure  tunnel  are 
shown in  figure 2. The wing was of solid  steel  construction and had an 
aspect  ratio of 3.94.-Fd a taper r a t i o  of 0.625. A e t ra ight   l ine con- 
necting thg leading edge of the root  and theoretica.1 t i p  chords was- wept  
back 42.05 . The eymmstrical c i rcular-arc   a i r foi l   sect i -  -re fabr i -  
cated with a conetant  radius of 83.26 incheEt in a plane perpendicular t o  
the   l ine  of maximum thickness. As a result, the  leading and trailFng 
edges were s l i & t l y  curved in plan f om.  The maxLmum divergence from a 
straight Une connecting the root and theoretical t i p  chords a t  bhe 
leading and t r a i l i ng  edges wae about 0.4 inch, The a i r f o i l  8ectIon8, 
taken  normal t o  the l ine  of mum thickness had a maximum thickness 
of - 10 percent of the chord a t  the root and 6.k percent  of the chord a t  
the t i p .  Farallel t o   t h e  plane of symmtry the lzlELximum thiclmess was 
7.9 percent of the chard a t   t h e . r o o t  and 5.2 percent of the chord at the 
t f p .  

The h igh - l i f t  and stal l -control  devices used on the model are shown. 
in figure 3. Tho drooped-rime f laps  extended  over the ouher 60 percent 
of the wing, had a chord of 0. I&c, and were deflected 30' measured in a 
plane. n o m 1  t o  tihe hinge l lne . The amount OF .flap deflection wa8 based 
upon ungu1)llshed data which indicated 30' to  be opbimum for this  wing 
from consideratione of p l t chbg  moment and naaxFmum l i f t .  The extensible 

leading-edge f laps .  ha4. a epn-of  0 . 5 9  and  extended from 0.4& 
2 2 

t o  0 .yj'$ (beginning of rounded t l p )  . The chord . .   . .  . was cone tant and amounted . .  r.. 

I,  

. .  

2 
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t o  about 18 and 13 percent of the XFng chord at  the outboard and inboard 
ends, respectively. m e  deflection was 37O, -urea in the manner shown 
in  f igure 3 The 0.20~  t ra i l ing-edge   sp l i t   f l aps   ednded  over the 
inboard 50 percent of the wing semispan and were deflected 60' from the 
lower surface of the wing. 

The upper-surface  fences  (fig. 3) were  mounted normal t o  the wing 
surface and parallel to  the  plane of  symmetry.  They projected 0.6 of 
the maximm thickness of the root  section above the wing surface. When 
used in conjunction  with the drooped-nose flaps,  the  fences extended 

from the Xing t r a i l i ng  edge t o  about the 0.18~ point and were located 0 e 0 3  
b 

outboard of the  inboard end5 of the drooped-nose f laps .  For the  configu- 
rations with the extensible  leading-edge  flaps, the fences extended from 
the  t ra i l ing edge t o  the leading edge of the wing and were located 

0.02% outboard of the inboard ends of the' f laps .  b 

Only the   l e f t   s ide  of the wing was equipped with the  sealed, 
unbalanced, contour  aileron. The aileron chord was about 0.18c,  and the 

span was 0.=47$, with the  inboard end located' a t  0 .$-. Resistance-type 
2 2 

e lec t r ica l   s t ra in  gages were  employed t o  measure the  aileron normal 
forces and hinge moments. The aileron  seal, which was desiwed in a 
manner 80 that  no moments and  ne@;ligible forces were transferred from it 
t o  the  aileron, extended the full span of the aileron except for  cut-outs 
to a l low f o r  the mounting of the strain-gage beams. Pressure  orifices 
were installed Fn the aileron  balance chamber t o  enable  the  pressure 
differences  across the sea l  t o  be determined. The detai ls  of the  aileron 
are  given in figure 4. 

The spoilers used were of the  step tspe. The span of each step 

was 0 .lob with the  exceptim of the  outboard one w h i c h  was 0.07fjk W i t h  
2 2 

all steps in place,  the  spoilers extended from the 0 . d  station  out- 

board t o  the 0 station. Spoiler  projections of 0 . 0 5 ~  and 0 . 1 0 ~  were 

tested.  The spoilers were n o m 1  t o  the wing surface and t o  the plane of 
spne t ry .  They were located on the 0 . 7 0 ~  m e  of the   l e f t  wing panel in 
the manner shown in   f igure  4. 

b 2 

The tests were made i n  the Langley 19-foot  pressure t w e l  with the 
air  in the tunnel compressed t o  approxFrnately d= atmospheres. Measure- 

mente of the lift and drag and the .pitchFng, rolling, and yawing moments 
3 
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ware made for  each  configuration  through an ;Rn&e-of-attack range 
exbending from -=to  beyond maximum lift. Far the ailmon tests  the 
normal forces,  hinge  momenta,  and  balance-chamber  pressurea of the  aileron 
were  determined for aileron  deflections  rangFng from 25' to -25O. The 
spoiler tests.were made by  using varioua spans of  step epoibrs, in Fncre- 
menta  of  approximately 20 percent  of  the semispan, starting  either 

from 0 . 9 7 9  or 0 .% spaawfee stations. The stall studies  were made by 

visual  observation  and from motion-picture  records  of  the  behavior  of wool 
tufts  attached to the  upper surface of  the wing. 

v 

." . 

b 
2 

A l l  of  the  spoiler  tests  and  the tirtall studies were conducted  at a . .  

Mach  number  of 0 .l'j and a Reynolds number  of 6.9 X 10 , based on the 
w i n g  me- aerodynamic  chord. The aileron  tests, with t h e  exception  of 
the plain wing configuration  which was teetea at a Reynolds  number 
of 6.9 X 10 , were conducted  at- a Remolds number of 5.3 X l.0 and a 6 6 
Mach  number  of 0.11. Scale-effect  teats  were  not made,  since  reference 1 
has indicated no appreciable  scale  effect In this Reynol&6  number  .range 

6 

REDUCTION OF IXPA 

A l l  data have been  reduced  to standard nondFmDnsiona1  coefficients. 
Corrections have been  .applied  to  the  force  and moment data  to  account 
for  the  tare and interference  effects  of the model oupport system. 
Stream-inclination  an&  jet=boundary  corrections have been  applied  to  the 
angle of attack  and  to the drag and pitching-moment  coefficients. Jet- 
boundary  correction8  to  the rol l ing-  and  yawing-moment  coefficients  were 
found  to be negligfble and, therefore, were not  applied  tu  the  data. 

The aileron  hinge-moment  coefficients  presented  herein  are based 
upon  the  product  of  the  a.ileron span ani.- square of  the  root-mean- 
square chord. Some recent  practice  (reference 2) has based  the  hinge- 
moment  coefficiento upcmtwice the area moment of the  ailsron. The 
coefficients  presented  herein may be  converted to . W e  base  by  means of 
the .f ollowlng equation: 

Ch (based  on  twice  area  moment) = 0.952C (presented  heroin) (1) 
a ha 

As a result  of  the  interference  of t h e  strain-gage  beams,  the  aileron 
seal was incomplete and a mall amount  of  leakage  across  1t.Dccurred. A 
calibration  of  the leakage w 8 ~ 1  made,  and  the  resultant  pressure  coefficients 
corrected  to a no-leahge condition. The effect o p t h e  leakage on the 
rolllng-moment and hinge-moment  coefficients  is belleved to be a m a l l  and 
has bean  neglected. 

P 

.. . 
. .  . .  

# 
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RE3UEPS AND D I S C U S I O N  

Aileron  Characteristics 

Rolling characteristics.- The basic aileron data are shown In 
figures 5 to 10. Several  representative  crossplots of C2 and c 

ha 
against  aileron  deflection are presented in  figures 1l and 12, r e s p x -  
t ively.  In order t o  show the aileron  effectiveness C determined 

f o r  a mall range of aileron deflections  through 8a = Oo, the  variation 

of C2 with  angle of attack is presented in  figure 13 for  the  several  

f l a p  arrangements tested. 

z8 

8 

It can be seen that C has a value of approximately 0.00100 a t  
28 

low angles of at tack  for  a l l  flap, configurations. The value of C of 

0 .OOlD5 obtained at  a = 0' for   the WLng wlthout f laps was about the same 
as tha t  (0 . O O l o 2 )  d e t e h e d  by means of the  chart8 of reference 3 and 
reduced by c02A t o  account f o r  the effects of sweep. The r a t e  of 
change of rolling-mamsnt coefficient with aileron  .deflection C2 for  

t h e  wing without f laps  and f o r  the wing eqvipped w i t h  the extensible 
leading-edge f laps  and fences rem+md appro-tely constant aa the 
angle of attack was Fncreased up t o  that corresponding t o  0.8X . The 

2 8  

8 

Lmax 
l i f t   coeff ic ients   correspondhg t o  0.85~ are used herein as a basis 

%m 
f o r  comparison since they might be considered as representative of those 
f o r  the landing-approach condition. The addition of the split f l aps  t o  
the  plain WFng resulted in a 25-percent  decrease in C2 8t o .85C- . - ~- 

8 h x  
Furthermore a t  CL , the value of C 2  was only 0.00040. The further 

addition of the leading-edge flaps  did not prewmt  the  large  reduction 
caused by the  split  flaps  but,  with  the leadlng-edge f l aps   i n  combination 
with the stall-control  fencea,  the values of C were comparable t o  

those obtained f o r  the plain wing.  The aileron  effectiveness of the wing 
equipped with the drooped-nose  and split f l a p s  and fences was approxi- 
mately  the same as that f o r  the configuratim  with  the extensfble leading- 
edge and s p l i t  f laps  and fences. 

ITBX 8 

18 
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From aa inspection of the basic data presented Fn figures 5 t o  10, 
1% can be seen that the rolling-moment coefficients  obtained from the 
plain wing and the split-flap  configmatiom were approximately the same 
for   e i ther  up o r  down aileron  deflections. For the configurations  having 
the leading-edge  devices, however, the rollhn-racment  coefficients  pro- 
duced by the ailerons were larger f o r  the updeflectione  than  for the 
dam. deflections . 

1 

The rolling-mament coefficients  obtained for a total   a i leron  def lec-  
t ion of 30° (15'  up and 15O aoWn) on the varioue wing configur&tions are 
presented in figure 14. The rolling-moment coefficients produced by 
large  deflections of the ailerons varied considerably with wing conf'igu- 
ra t ion and w i t h  angle of attack. A t  these  large  aileron  deflections  the 
t o t a l  rolling-moment coefficients at Law angles of-at tack were approxi- 
mately the same (about 0.03) f o r  aU. configurations  investigated. A t  
higher angles of a t tack   the   to ta l  rolling-mmnantcoefficients produced 
by large  deflections of the aileron on the  different  configurations  varied 
i n  a naanner similar t o  the aileron  effectiveness  at  amall deflections  in 
that the rolling-moment coefficients  obtained with the s p l i t   f l a p  con- 
figuration-decreased  rapidly with increasing angle of attack. Only moder- 
ate  decreases were obtainedwith  the  conflgprations  involving the leading- 
edge and e p l i t   f l a p s  and the  fences. With-the leading-edge f laps  and r 

fences  but  without  the  split flaps the  decrease was slight. 

" 

Adverse y~~g-moment--coefficients were obtalned  throughout most of 
the  angle-of-attack range, the largest values of which were obtained f o r  
the wing without f laps   ( f ig .  14).  

r 

Pitching-moment characteristics.- The clrv68 of  pitChing-IKm8nt 
coefficient agaimt angle of attack for the ;Ilaximum aileron  deflections 
investigated are presented in figures 5 t o  10. It caa be 80811 that 
f o r  the plain d u g  w d  f o r  the w i n g  equipped with split f laps  a amaller 
increment- i n . t h e  pitching-moment coefficientwas  obtained at positive 
angles of at tack wlth..,.the q aileron than x i t h  the d m  ailerm. Con- 
versely, anmller Increments in  the  pitchin -mment coefficient were 
obtahed  with  the dowl ailsron than with tge up ai leron  for  the wing 
equipped with  the laad.bg-edae devices. It is estimated that about 2' 
of elevator  deflection would be needed t o  compensate f o r  the mxlmum 
increment in  pitching-momxt coefficient  reeulting from m0 up and down 
dePlection of a eet 'ofal le?ons.  

Hinge-moment characterist ics.  - In  on3erf.o illustrate the aileron 
hinge-mament characteristics  ofthe  varioue  cmfigurationa  investigated, 
the hinge-mament parma ters  C asd Ch and the balsncs-chamber 

r eed ta t -p reaeme  paramstere 
h6 a 

pR8 .#, were determi;aed from the  
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basic  data of figures 5 t o  10 and are  presented in figure 15. It can be 
88811 that  considerable  variation in the  values of these w-rameters 
occurred. In order t o  show the  effects of the  variation  in C a 

rolling condition m u s t  be coneidered, and if the  aileron  balance is  to  be 
of the  conventional, sealed, internally balanced  type,  the parwtors 

and PR also must  be considered. The comblne3 effect  of these 

parameters for am aileron having varlous amounts of inte"ns1 b ' t n c e  is 
shown in figure 16. The  hFnge-monent parameters of the  aileron w i t h  
varying amounts of balance were calculated by means of the  following 
equations : . . . -. . . 

w 
pR 6 

a 

3 

balance  balance 

C = c  
ha with ha without 

balance  balance 

where the span of the  balance was assuned equal to the span of the 
aileron and where the  bahnce chord was assumed t o  include one-half of 
the gap covered by the seal. 

The parameter- C'hg is defined  a8 the r a k e  of change of hinqe- 

moment coefficient in a steady roll with aileran deflection and was 
calculated by means of the following equation: 

in which the  values of the  parameters and C were computed 

from equations (2) and (3) fox- various amounts af balance and 
ch8 h a  

p c2 
where - -2lOC and is the r a t i o  of the  effective 

28 

change i n  angle of attack. in a steady roll t o  the change in aileron 
deflection. The constant K wa8 determined by means of the charts 
of reference 4. The damping-in-roll  coefficient was determined 

from reference 5 and had a value of 0.266. 
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Considering first the  aileron  without any internal  balance, f l g n e  16 
shows that on t'ae plain wing the  aileron was. more znderbslanced at high 
angles of at taok t h a n  it was a t  low ~tnglea of attack. The a3dition of 
t he   sp l i t  Flap8 resulted in qpoai te   effect ;  the aileron was more 
balanced a t .  high  than at l o w  angles of attack. The further  addition d 
the leading-edge f l aps  and .the stall-cm.tro1  fences teqied to   o f fse t  the 
effect  of t he   sp l f t  f laps  and resulted  in- a reduction  in tho variation. - 
of C ' through the angle-of -at  tack range. The A h a s  af C a t  

hi&  anglea of a t  tack and for   tha f lspped configurations are not neces- 
sarily correct  since C z  , which w-as determined a t  a = 0' for tha pLsin 

wing and assumed  const.mt In tho  determination of C ' , pro3abu ,varien 

h€3 

P 

h6 
with angle of a t tack and flap  cmf'iguration. The trends, howavor, are 
considered to-be indicative of the effects  of the high-lift a d  stall- 
control  devices. . .. 

The data presented in figure .16 indicate that on the plain  ning a t  
zero angle of a t  tack t.his aileron eqdpped with a conventioaal, sealed 
internal  balance would require a balance chord of abmt 30 percent of 
the  aileron chord f o r  C ' = 0 .  As the angle of a t tack is increased, 

more bslance chord is required until at  aboat  the  angle of at tack 
for. C a balance chord of approxinaately 55 percent wmld  be required. 

For the  split-flap  canfiguration  the amount of balance chord required 
for C =- 0. was 45 percent a t  a = Oo, increased t o  aore than 55 per- 

cent a t  mcderate angles of attack, and then  decreased -bo about 45 percent 
a t  high sngles of attack.  For  the  configurations  involving t h e  leading-. 
edge devices and the fences,  the anou;?t of balance  chord  required 
for . C .= 0 was betwen 45 and 50 percent  at-. low a n g l e n  of attack and 

h6 1 

Lmax 

h6 

I 

- 

hc u 
increased  about 5 percent a t  the angles of a'ctack correspond-ing 
t o  0 . 8 5 ~  

&x 

If, t ? ~ e r e f o r s ,  fih6 aileron on the p l a i n  ying &a closely bahn5ed 
.. - 

f o r  the high-speed condition, it would be  underbalanced a t  the lox-speed, 
flapa-deflected  condition  although  the small dynsmic pretrsures at the 
l o w  speeds wou.lrl tend to pre;rent-the occurrence Df exceasive c m t r o l  
f orceu . 

The foregoing cmpgrison of &he aileron effect iwneas f o r  the . . 

various f l a p  coQfiguatioa.9 has b a n  made by using slopoe determined at 
zero sileron defleckion.  Since the data presentea in figure 12 Lndlcato 

.. 

* -  

I 



NACA RM NO. ~ 9 ~ 0 7  ll 

that  the  variation of hinge-moment coefficient with aileron  deflection 
becomes  more negative a t  large  deflections, it should be noted  that the 
aileron would  be  more underbalanced at  these large deflections than is 
indicated in figure 16. 

Normal-force characteristics.- The aileron  normal-force  coefficients 
presented Fn figures 5 t o  10 represent the forces on the  aileron behind 
the hinge line. In the use of them  data in the  design of an aileron 
with a sealed  internal  balance,  account must be taken of the addftional 
forces  acting on the  balance. The msxlmum values of the aileron normal- 
force  coeffic$ents were about  the same f o r  the flapped o r  unflqped wing 
configurations. The stall studies  presented in f i g w e  17 show tha-t: the 
aileron on the plain wing is completely s t a u e d   a t  an angle of at tack 
of 16 .go, whereas the  aileron on the  flapped wing is only partly s ta l led  
a t  angles of attack of more than 1go. As a resu l t  of this early  aileron 
stall the  var'iation of aileron  normal-force  coefficient with angle of 
attack f o r  the  plain wing was not as l inear as that f o r  the wing with  the 
leading-edge  devices. 

I 

Spoiler  Characteristics 

Representative data obtained from t e s t s  of ngmerous wing and 
spoiler  configurations  are  presented in figures 18 t o  21. 

Rolling-moment characteristics.- It i e  apparent from the  data  pre- 
sented i n  figures 18 t o   2 1 t h a t  the origin and progression of t h e   s t a l l  
are  reflected in  the rolling-moment coefficients  contributed by the 
various  spoiler  arrangements. In the case of the plain wing ( f ig .  18(a)), 
the  outboard  section of the 0 .779  spoiler is enveloped i n   t i p   s t a l l   a t  a 

relatively low angle of attack (approximately 8.6O; f ig .  17) which results 

i n  an abrupt  decrease in  Cz . The same abrupt  decrease in C2 is indi- 

cated  for a 0 . 3 7 9  spoi ler   located  a t   the   t ip ,  whereas a 0.4- b spoiler 

loaated  inboard of the 0 . a  stat ion does  not  encounter  the  effects of 

I the wlng s t a l l   u n t i l  an m g l e  of attack of approximately 12O. The wing 

2 

2 2 

2 

equipped wlth the high-lfft and stall-control  devices exhibited an i n i t i a l  
stalled  region behind the inboard ends of the  leading-edge  flaps, and a s  
the spoilers extended into t h i s  region  there wa8 a marked reduction in C z  
(f igs.  20 and 21(a)).  It shoula be noted that  f o r  the fhpped cofllgu- 
rations some rolllng-mament coefficient is produced f o r  angles of attack 
corresponding t o  

cLmsxo 
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The ef fec ts  of spoller. projectioa o r  height - f o r  the plain wing may 
be see2 by a cnmparison of f i g y e s  I8(a> and lg(a). In  thg low angle.- 
of-attack range, the 0 .10~  apoi le r  i s  several times as effective as 
the   0 .03~  spoiler which in a l l  probability is due to t he   f ac t  that a 
amal'ler perceatage of the   0 .10~  spoi le r  is in   . the  boundary-layer a i r .  A t  
the angles of  attack wfiere. me bcqndcary k y e r  becomes thicker and flow 
seprat ion occurs, the  effectiveness of both the 0 .10~  and 0 .Ogc spoilers 
becomes equal wtil f sally bo,th  have zero effectiveness as a l l  the 
spoiler se-ente are enveloped i n  the  stalled  region. * 

i 

. .  .. - 

- .  

I n  figures 22 t o  24 a slmmary TEI  praaented of all spoi-ler cambina- 
tions tsated. It can be s00n in flgure 22 V m t  f o r  a given spoiler span 
on the  plain wing the  inboard l x a t i o n  provided slightly  greater values 
of C.z a t  low angles of a t t ack   t bn   d id   t he  outboard location. It l e  
q u i t e  posailbls t h t  the Inboard spoilers on a sxeptbsck uing can, due to 
croasflow,  cause  spoiling of the f l o x  over s e c b i u  of the w i n g  outboard 
of the  spoilers. For the f laps-deflac tsd configurations, a epoiler 
located on the  outbosrd  portion of t'h wing produced higher  values of C2 
than a spoiler of equal span located inbawd. A spoiler of the same a p ~ n  
but with i ts  inboard end located at the wing root might result in   ye t  
different results. It s e e ~ . , . t h e r e f o r e ,   t h a t  t h e  optbun spâ nwise spoiler 
location on a sweptback wing i a  largely dep0mI-t U L Q ~  the span loading 
and/or  the- spanwlse- center. .of-presswe of tklat particular wing. 

It can be seen In figure 22 tha t  for .tbe plain  wing equipped with a 
short span o f  t h e   0 . 0 5 ~  spoilers some rolHng-mmnt revareal was 
encountered. It is yogsible  that  with a short  span of Lhe 0 .10~   spo i l e r s  
reversal might also be encountered. For .&his reasm no attempt has been 

made .to fair the  curves of figures 22 t o  24 through = 0. -7- 
ba 

Other aerodynamic c h m c t e r i s t i c s  .- As indicated  in ,Figures 18 t o  21, 
the yawing-mmnt coefficients  obtained  with  the spoilere (313 the  plain 
wing ware favora3le up t o  an angle.of at tack of  about Do. . Above thfs 
angle,  adverse yawlng-mpmsnt, coefficients were obtahed  although  the 
values were mall. The addition of leading-edge  and trailing-edge f laps  
r eml t ed   i n  favorable-ptdrig-moment characterist ics up t o  a b e t  the 
angle of-a t tack for . C : T h e  Values of. C6 tit the lower angles of 

attack were somswbat larger f o r  the wing with f laps  than fa r  tho plain 
wing. 

%lax' 

. .. 
. ". . .. .- - -I . .  . . .  . . .  

The maximum changes i n  t'ae pitching-moment coefficient  resulting 
frm the'O.10c pro jectlon of . the spoilers were 50 t o  100 percant greater 
$hsn  those  rasulting from the maximum deflection of a s e t o f  ailerons. 
The outboard spoilers & the plaFn wing configuration caked  a Large 
poai t ive   sh i f t   in  the pitching-moment c'w-va up t o  the angle of a t t ack   a t  
which t i p  sLalling began. . A s  the separated flow a t  higfier angles of 

f 
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attack encompassed the  spoilers,  the.spoiler  effectiveness dropped off 
and the pitchingrmament coefflciects became approX3mately the same as 
f o r  the wing without  spoilers  (fig. 18). A large  posit ive  shift  in  the 
pitching-moment c m e s ,  which occurred  throughout the angle-of-attack 
range, m e  obtained with the outboard spoilerEv on the  flapped  configu- 
rations as shown in  figure 21. T h i s  trim change probably  occwred a s  a 
resul t  of the  outboard  spoiler segments  remaining in regions of unsep- 
rated f low a t  a l l  angles of attack. In a l l  cases where trim changes 
occurred, Larger changes were encountered with the  outboard  spoiler 
locations  than w i t h  the inboard  lacations. The naaglitude of the trim 
change was a l s o  dependent upon the  spoiler  projection. 

Comparison of Aileron and Spoilers 

A brief comparison of the relat ive rolling effectiveness of the 
aileron and the spoilers i s  presented in figure 25. The comwrison is 
made using w h a t  is ccmsidered as  ths  optgum  spoiler span an8 location  as 
determined from data  presented i n  figures 22 and 23;  name-, O o e ,  the 

inboard end being  located at 0.2&  and 0.37% spnwise stations f o r  the 

plain d n g  and the  flapped  configurations,  respectively. It can be seen 
that  for  the  plain wing the rolling-moment coefficient at mall angles of 
at tack produced by the  0.10~  proJection  spoilers w88 approximately equal 
t o  that which would be produced by a t o t a l  aileron  deflection of 25O. A t  . 
higher  angles of attack, however, the rolling effectiveness of the 
spoilers dropped t o  zero, whereas the  aileron maintained considerable 
effectiveness up through the highest angle of atbck  investigated.   For 
the wing equippd with the  exbensible  leadlng-edge  flaps and the   sp l i t  
f l a p s ,  the  spoilers produced  rolling-mament coefficients  through  tho high 
angle-of-attack range which  were equivalent t o  about 35O of t o t a l  
aileron  deflection. Although the  rolling  effectiveness of the aileron 
increased about llnesrly  with  *flection up t o  Ba = +eo, the use of 
large  deflections f o r  ailerons sq7Apped with  conventional  internal- 
balance sys.tems is limited on thin wings of the tspe investigated  herein 
t o  about f15' f o r  a 30-percent  balance chord. 

b 
2 

The value of the  wing-tip  helix  angle produced in a steady roll by a 
lateral-control  device is  indicative of the p m r  or effectiveness of that 
device. The helix  angles were therefore estFmated as  

is the damping-in-roll coefficient. With the aileron  deflection  lfmited 
t o  about Cl5O the  value of the  helix angle obtainabla a t  0 .$gC w i t h  

the  flaps-deflected  cmfiguration would be about 0.084 f o r  the  aileron 
and  0.093 for   the  0 .u)~  project ion  epoi lers .  This difference between ths  
valuea of the  helix  angle produced by the  aileron end by the  spoiler would 
probsbly be even greater if account were t a k 6 b f  tbe adverse yawing- 
moment characteristics s t  the lower speeds. 

"lCZP where 2P 

h x  
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The foregoing camparison was based on the  asemuption  that  the 
stick  force of the  aileron  control would be  held within range of pilot 
capabilities throua the w e  of an internal aerodynamic  balance  and 
that the aileron  deflection would be  limited  to fl=io by  this  balance. 
Under  such  conditions  the marfrmlm effectiveness of the  spoilers can be 
expected to.be as good as or superior  to  that ofthe aileron  except for 
the p l a i n  xing at high angles of attack. lf, however, by employment of 
same means of -power boost  aileron  deflections up to. +25O could  be 
obtained,  the aileron rol l ing effectiveness would be  considerably 
superior  to that- of  the  spoiler. 

CONCUTSIONS 

The  results of an Investigation fn . the lkngley 19-foot-pressure 
tunnel of  the  characteristics of two types  of  lateral-control  devices 
on a 42O 8Wptback wing with  circular-arc  aifloil  sections  and  various 
high-lift and stall-control  devices  indicated  the following conclueiona: 

1. The effectivensss of the  .aileron C2& on  the pla in  wing  decrease'& 
slightly  at  high angles. of  attack. At low angles of attack  the  effective- 
ness of the aileronwas  approxbmtelg the a m  regardless of  the  flap 
configuration. A s  the-angle opattack wa8 increased, however, deflection 
of  inboard-located half-span. split- flaps reeulted in a considerable lose 
of aileron  effectiveness: The combination  of  leading-edge  flaps  and 
stall-cmtrol fence-s"tende&to  offget t h e  detr&ntal  effects  which 
resulted  when  the  split  flaps were deflected. 

2. The aileron.  hinge-mcanent  characteristics  were such that a con- 
ventional, sealed, Internal  aerodynamic  balance of .appro*-lmately 30 per- 
cent of the  aileron  chord would be  required  to  cnmpletely  balance  the 
aileron at low angles of attack of the  plain Xing configuration.  With 
this amount of balance  the  aileron  probably  would  be  underbalanced at- 
high  angles  of-attack of the plain wing and at all angles of  attack of 
the  f7aPped  ConfigUratiOnS. 

3 .  The rolling'effectiveness of the  spoiler at hi& angles of 
attack  appears  largely  dependent upon the 8pOiler  location  with  respect 
to  the arw of separated flow on the wing. When stall ing occurred 
on the outboard  portions of the wing an Fnboard spoi ler  location was 
more effective.  When s ta l l ing  occurred Fnboard, as it  did  with  the 
xing  equipped with the.  stall-control  devices,  the  outboard  spoiler 
location was more effectLve. 



4 The spoilers on the  plain wing became hef fec t ive  in the maximm 
l i f t  range* The mgxjmum ro l l ing  effectiveness of the 0 .lOc spoilers on 
the wing equipped with the high-l i f t  and stall-control  devices was 
equivalent t o  that produced by a total   ai leron  deflection of approxi- 
rnately 350. 
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Figure 1.- Geometry of whg. A l l  dfmenaiona in inches. 
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(a) Front view of bottom of wing.  

(b) R e a r  view of top  of w i n g .  

Fi@;ure 2.- W i n g  mounted in lg-foot pressure tunnel. 
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Figure 3.- Details of high-lift and staU-control devices. 
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Figure 4.- G e o m t q  of aileron and spoilers.  
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Figure 6.- Aileron characterietics of w i n g  w i t h  spl i t  flaps. 
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Figure 8.- Aileron characteristics of w i n g  with extensible leadingedge 
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Figure 8.- Concluded. 
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aileron deflection OF 30°. 



45 

0 

7004 

,008 

Off 

0 0 

:004 .04 

-. 008 .08 

S P l l t  

0 0 Drooped-nose and 
mplit d renoas 

-. 004 .04 

-. 0 08 .08 8 E3 
Q* Q 

0 

-.OO# 

-. 008 .08 

Iaadlng-edge 
and split 

” - -P5 % 
0 0 Leading-edge am3 

mplit and renoes 

: 004 .04 

-. 008 .08 

0 

-. 004 

-. 008 

0 

.w 

.ai? 

Leading-edga 
and fencer 

0 4 8 /2 16 20 24 
a* dag 
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Figure 17.- Stalling characteristics of 42O sweptback wing. 
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Figure 21.- Effects of 0.10~ projection  step  spoilers on characteristics 
of wing  with drooped-nose flaps and trailing-edge split flaps. 
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Figure 22.- Varfation of rolling+mment coefficient  with span of s tep  
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projection step  spoilers on.wing equipped with extensible leadhg- 
edge flaps and trail ing-dge split flaps. 
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Figure 24.- Variation of roUlng-momsnt coefficient  with  span of 0 . 1 0 ~  
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0 

-.o / 

: 02 
!5 

-. 03 

-. 04  

0 

, O f  

-.OP 

CZ 

-. 03 

7 04 

Spoi l er  

O.O~C, 0.60b/2 - - 0 . 1 0 ~ .  0.60b/2 
inboard end a t  0.20b/2 

A i  l e  ron 

"" 

%otd 
= 20° 

6 = 30° "- 
*.total 

(b) Leading+dge and s p l i t .  flaps. 

. .. 
c 

. 
Figure 25.- Comparison of aileron and spo i l e r  effectivenese. 
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